Medical Devices Having Durable and Lubricious Polymeric Coating 

This application claims the benefit of provisional application serial no. 
60/418,054, filed on October 1 1, 2002. 

Background of the Invention 

This invention relates to coated medical devices. More specifically, it 
relates to medical devices which have a contact surface exposed repeatedly to 
bodily tissue, and where the contact surface has a coating to enhance lubricity 
while providing the durability necessary to provide that lubricity during the 
repeated exposure to the tissue. 

Coated medical devices, which repeatedly come into contact with bodily tissue, 
for example surgical needles, are required to be lubricious, yet durable to 
withstand the multiple contacts with tissue. However, lubricity is often sacrificed 
at the expense of making a more durable coating that adheres well to medical 
devices. There are many coating materials that are extremely lubricious, but 
either do not adhere well to the desired substrates or easily wear off the substrate 
during use. Likewise, many extremely durable coatings exist, but these coatings 
are not considered lubricious. Consequently, conventional coated medical 
devices are unable to maintain lubricity as the devices are used successively 
because the coatings wear away, such as with a surgical needle that is passed 
through tissue a number of times. 

A highly favored lubricious material that is used as a coating for many medical 
devices such as surgical needles and catheters is silicone. However, as discussed 
above in the context of conventional lubricious coating materials, the silicone 


coating generally wears off the medical device with repeated exposure to tissue. 
For example, when a needle coated with silicone is successively passed through 
tissue during wound closure, the silicone coating wears off appreciably with each 
pass, resulting in an increase in penetration force each time the needle is passed 
through the tissue. 

Examples abound in connection with enhancing the properties of silicone coated 
medical devices by adding ingredients to modify the overall properties of the 
silicone coating. For example, hydrophilic surfactants, including hydrophilic 
polymeric surfactants, have been mixed with silicone coating solutions and 
applied to medical devices such as catheters and needles. Unfortunately, the 
incorporation of these hydrophilic polymers does not add significantly to the 
durability of the silicone coating on these medical devices. 

Li view of the inability to develop a coating for a medical device which provides 
lubricity without sacrificing the durability of the coating over successive uses, 
what is needed is a coated medical device, in particular a medical device coated 
with a silicone, which will provide these properties simultaneously. 

Summary of the Invention 

In its broadest embodiment, the invention is a medical device having a contact 
surface exposed repeatedly to bodily tissue. The contact surface of the medical 
device is coated with an effective amount of a coating comprising a silicone 
polymer and a non-silicone hydrophobic polymer. 

The coating on the medical device can be a mixture comprising the silicone 
polymer and the non-silicone hydrophobic polymer. Altematively, the coating 


may comprise an imier layer of the non-silicone hydrophobic polymer and an 
outer layer of the silicone polymer depending on the material properties and 
rheology of the non-silicone hydrophobic polymer. 

Surprisingly, incorporating the non-silicone hydrophobic polymer into the 
polymeric coating that is coated onto the contact surface of the medical device 
provides the contact surface with the requisite lubricity, but without sacrificing 
the durability of the lubricious coating during repeated exposure to bodily tissue. 
Further, the advantages of incorporating the non-silicone hydrophobic polymer 
into the coating contrast significantly with conventional silicone coatings, which 
sometimes incorporate hydrophiUc polymers. 

The medical device of this invention can be used in any healthcare application 
where it is desirable to provide a lubricious contact surface exhibiting durability 
during successive use, for example, a surgical needle that is passed through 
bodily tissue multiple times. The medical device of this invention may be 
composed of any desirable material, including metallic, polymeric, ceramic, or 
any combination of these material types. 

Detailed Description of the Preferred Embodiments 

The medical device of this invention can be any device adapted for use in 
the medical or surgical fields that has a contact surface repeatedly exposed to 
bodily tissue. Alternatively, a medical device according to this invention can be 
any device adapted to facilitate the extraction of interstitial fluid, blood or other 
bodily fluids for the measurement of analytes, including, for example, hollow 
needles positioned through the surface of the skin for the purpose of continuously 
or periodically extracting blood or interstitial fluid for the purpose of measuring 


glucose. Examples of medical devices included within this class are medical 
devices, which are insertable into or implantable within the body at a targeted 
site, or otherwise come into contact with tissue on or within the body. Specific 
examples of medical devices within the scope of this invention include surgical 
needles, scalpel blades, stents and catheters. The medical devices preferably 
have a contact surface that is exposed to a sliding or cutting application during 
use. In a preferred embodiment, the medical device has a contact surface, which 
includes a penetrating portion, or a sharp surface, where these portions can 
become "dulled" during repeated use when a conventional lubricious coating, 
such as a silicone coating, is applied to its surface. Dulled in this application 
refers to an increase in force or friction with repeated use. 

The most preferred medical device that has a contact surface repeatedly exposed 
to bodily tissue is a surgical needle. The preferred surgical needles are typically 
made of a metallic alloy, in particular, but not limited to, stainless steels such as 
420 stainless steel, 455 stainless steel, Ethalloy stainless steel (U.S. Patent Nos. 
5,000,912 and 5,651,843) and 302 stainless steel. A variety of needle geometries 
can be used, for example taper points, taper cut, cutting edge needles, bayonet- 
shaped needles, I-beam, square body, and round body configurations. 

The coating for the contact surface of the medical device preferably contains two 
or more polymer materials. One of the polymers is a silicone. The preferred 
polymeric silicones are the polysiloxanes, in particular the polyalkylsiloxanes. A 
preferred polyalkylsiloxane is polydimethylsiloxane. The most preferred silicone 
polymer is polydimethylsiloxane that is hydroxy-terminated such as MED4162 
by NuSil Technology. The silicone polymer may contain small amounts 
(typically <5wt%) of other ingredients, which are compatible with the polymer. 


For example, methyl hydrogen siloxane may be included in the coating. Any 
minor ingredients are typically catalysts or silicone-containing compounds. 

The second polymer for coating on the contact surface of the medical device is a 
non-silicone hydrophobic polymer. As used herein, a hydrophobic polymer is a 
polymer that generally lacks an affinity for water, and are readily known and 
recognized by those skilled in the art (in contrast, for example, to polymeric 
surfactants, and polyalkylene glycols such as polyethylene glycol, which are 
hydrophilic in nature). More specifically, we believe that a hydrophobic polymer 
as it relates to this invention is generally a polymer with a critical surface tension 
of less than about 50 mN/m. hi the preferred embodiment of this invention, the 
hydrophobic polymer is a thermoplastic polymer. Preferably, the hydrophobic 
polymer has a melting, softening, or glass-transition temperature that is 
sufficiently low to enable the polymer to flow at the temperature necessary to 
cure the silicone portion of the coating. Consequently, the hydrophobic polymer 
ideally has a melting point less than about 210°C in the case of crystalline 
hydrophobic polymers or a glass transition temperature less than about lOO^C in 
the case of amorphous hydrophobic polymers. Examples of non-silicone 
hydrophobic polymers that can be used include, but are not limited to, 
polypropylene, polyethylene, waxes, and polycaprolactone. The most preferred 
non-silicone hydrophobic polymer is a polypropylene wax hydrocarbon mixture 
such as Micromatte 2000 produced by Micropowders, hic. The non-silicone 
hydrophobic polymer can be in the form of a solid, and in particular can be in the 
form of a micronized powder. The preferred coating is a coating mixture because 
of the ease in which the coating can be applied. The coating mixture can be 
prepared by any conventional means for combining the two primary polymer 
components. For example, the polymers can be combined by mixing, spraying or 
depositing techniques. Although in many cases the coating may be applied neat. 
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the preferred means for combining the polymers is to mix the polymers with one 
or more solvents. In a preferred embodiment, the solvent or solvent mixture that 
is selected will dissolve the silicone polymer. The selected solvent or solvent 
mixture may or may not dissolve the non-silicone hydrophobic polymer. If the 
5 non-silicone hydrophobic polymer does not dissolve in the solvent, then the 

components form a suspension. The preferred solvents are xylene and Exxon 
Isopar-k. Ideally, the solvent system will be relatively volatile at ambient 
conditions. 

10 The most preferred coating mixture of this invention contains 

approximately by weight, 74.86% Exxon isopar-k, 14.25% xylene, 5.7% 
hydroxy-terminated polydimethylsiloxane, 5% polypropylene wax hydrocarbon 
mixture (Micromatte 2000), and 0.19% methylhydrogen siloxane. The 
approximate acceptable ranges for the ingredients in the preferred mixture are by 

15 weight, 1-20% hydroxy-terminated polydimethylsiloxane, 0.5-20% 

polypropylene wax hydrocarbon mixture, and 0-0.4% methylhydrogen siloxane 
with the balance of the solution being Exxon isopar-k and xylene in a ratio of 
approximately, but not limited to, 5.25:1. The preferred approximate ranges are 
by weight, 2-12% hydroxy-terminated polydimethylsiloxane, 1-9% 

20 polypropylene wax hydrocarbon mixture, and 0-0.4% methylhydrogen siloxane 

with the balance of the solution being Exxon isopar-k and xylene in a ratio of 
approximately, but not limited to, 5,25:1. 

If the silicone polymer selected is in a liquid state, then possibly no 
2 5 solvent addition is necessary to adequately mix the silicone polymer with the 

non-silicone hydrophobic polymer(s). 
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The coating mixture can be applied to the contact surface of the medical 
device using a variety of methods such as dipping, spraying and brushing. The 
preferred method is to dip the medical device into a solution or suspension of the 
coating mixture. In this preferred embodiment, the coating must then be exposed 
to a thermal cycle to volatilize the solvent or solvent mixture and cure the 
silicone poljmier if applicable. The temperature can range from about 140®C to 
about 210°C, but it is not limited to this range. The preferred temperature is 
typically high enough to cause the non-silicone hydrophobic polymers to melt 
(crystalline or semi-crystalline materials) or soften and flow (amorphous 
materials), but not high enough to have a detrimental effect on lubricity or 
durability of the polymer components. For example, exposure to temperatures 
greater than about 210*'C for extended periods of time cause some silicones to 
oxidize and form silica, which would decrease lubricity of the coating. The time 
of exposure to temperature will vary with the polymers being used. Li some 
embodiments, it may be beneficial to melt the non-silicone hydrophobic polymer 
when the polymer selected is in a solid form. Therefore, the temperature used 
during the drying/curing cycle may need to be higher than the melting point of 
the selected non-silicone hydrophobic polymer (for crystalline or semi-crystalline 
materials), but it is not always necessary that it be completely melted. In the case 
of amorphous materials, the preferred temperature will be such that it is 
sufficiently above the glass-transition temperature to cause the non-silicone 
hydrophobic polymer to flow. For example, in the case of a non-silicone 
hydrophobic polymer such as polystyrene, which has a critical surface tension of 
less than 50mN/m, but a very high glass transition temperature (---1 00*^0), a 
processing temperature of 200*^0 was insufficient to produce an increase in 
durability when polystyrene was combined with silicone. This was likely due to 
the inability to cause polystyrene to flow at 200®C. In addition, the very high 
stif&iess associated with polystyrene likely hinders the ability to significantly 


improve lubricity. Another example involves the use of polytetrafluoroethylene 
(PTFE), which has a melting point of approximately 325°C. When PTFE is 
added to a silicone solution, the lubricity as measured by the first pass penetration 
force of surgical needles may decrease as a result of improved lubricity, but the 
durability of the coating may be more difficult to improve. 

The use of a temperature sufficient to allow melting or sufficient flow of one or 
more of the selected polymers in the coating mixture allows those polymers to 
flow and produces a coating morphology in which the silicone and non-silicone 
hydrophobic polymers are interspersed, where the silicone polymer typically 
forms a continuous phase and the non-silicone hydrophobic polymer forms a 
discontinuous phase. However, this depends on the relative amounts of each 
polymer. If there is sufficient amount of the non-silicone hydrophobic polymer, 
then it may form a continuous phase. Regardless whether any of the selected 
polymers melt, the coating is a multi-phase coating in the most preferred 
embodiments. A multiphase coating is one that contains two or more phases in 
the coating after exposure to a thermal cycle to volatilize solvents and/or cure the 
silicone component of the coating. 

In contrast to the application of the coating as a coating mixture to the 
contact surface of the medical device, the coating can also be applied as a series 
of layers with a layer of silicone polymer being the outer layer. For example, the 
non-silicone hydrophobic polymer can be mixed in a suitable solvent and used to 
provide an inner layer coating on the contact surface of the medical device. The 
coated surface can then be exposed to an appropriate thermal cycle to volatilize 
the solvents and melt (for crystalline or semi-crystalline materials) the non- 
silicone hydrophobic polymer or cause it to flow (amorphous materials). The 
appropriate thermal cycle is dependent on the exact polymers and solvents used 
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in the coating mixture. The contact surface can then be coated with either a 
mixture of siHcone dissolved in solvents or a solventless silicone fluid and 
processed in a similar fashion to that described previously to form an outer layer 
of the silicone polymer. If the non-silicone hydrophobic polymer melts, the 
5 layers may become interspersed depending on the rheology of the polymers and 

the thermal cycle used to volatilize solvents and/or cure the silicone component 
of the coating. 

Once the coating is applied to the contact surface of the medical device, 
and any solvent or solvent mixture used is removed, an amount of the coating 
effective to provide lubricity to the contact surface without appreciably 
sacrificing the durability of the coating and consequently its lubricious properties 
during successive use is applied. As used herein, an effective amoxmt is that 
amount which will provide the enhanced properties to the contact surface of the 
medical device as described in the preceding sentence. The approximate 
preferred amount of the coating on the contact surface of the medical device 
(without solvents) is about 40- to about 86% by weight of the silicone polymer 
and about 14- to about 60% of the non-silicone hydrophobic polymer. The most 
preferred approximate range is about 44 to about 66% by weight of the silicone 
polymer and about 34to about 56% of the non-silicone hydrophobic polymer. 

Coating performance for medical devices can be tested with a variety of 
friction and/or adhesion tests. In the case of surgical needles, coating 
performance and integrity is evaluated using a penetration test device. A coated 
25 surgical needle is held using self-locking tweezers or a similar holding device. 

The coated needle is then passed through a media that is representative of general 
human tissue. The entire needle is not passed through the media; only 
approximately half of the needle length is passed through the media and then 


15 
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retracted prior to the next pass. The media is typically a type of polymer or 
synthetic leather (Porvair or Permair in this example). The needle is then 
retracted from the media. A typical test includes using 10 needles that are 
individually passed though the media 10 times each. The maximum force is 
recorded for each pass and used as a measure of the coating performance. 
Typically, the penetration force increases with each successive pass as the 
coating is wom off the needle. Further details of the test equipment and method 
can be found in U.S. Patent 5,181,416. 


Examples 

Example 1: 

Ethicon BV-1 surgical needles (10.0 mil diameter, no suture attached, see below 
for a more detailed description) were coated with one of two coating mixtures. 
The first coating mixture (Mixture #1) contained approximately by weight 6% 
hydroxy-terminated polydimethylsiloxane, 0.2% methylhydrogen siloxane, 15% 
xylene, and 78.8% Exxon Isopar-k synthetic isoparrafinic hydrocarbon. This is a 
conventional one-phase silicone coating (polydimethylsiloxane) after the solvents 
volatilize that typically provides excellent lubricity, but only moderate durability. 
This coating mixture is considered a standard baseline and was applied for 
comparative purposes. The second coating mixture (Mixture #2) contained 
approximately by weight 5.7% hydroxy-terminated polydimethylsiloxane, 0.19% 


methylhydrogen siloxane, 14.25%, xylene, 74.86% Exxon Isopar-k synthetic 
isoparrafinic hydrocarbon, and 5% polypropylene wax hydrocarbon powder 
mixture with a median particle size of 6-9 microns. This coating mixture is an 
example of the coating, which is used on the coated medical devices of this 
invention. BV-1 needles are made from a maraging stainless steel. The needles 
have a square body geometry and a 12:1 taper point, and are described in detail in 
U.S. Patent 5,477,604. The needles were coated by hand via a dipping process 
and placed on a magnetic tray. The tray actually has raised magnetic strips on it 
in order to hold the proximal ends of the needles secure during the curing cycle 
and transport while the distal end (tip) of the needles hang over the edge of the 
magnetic strips. This way, the needle tips do not make contact with the tray. The 
needles were then heated to 200^^0 in a furnace and held for two hours xmder 
ambient atmosphere. The needles were then allowed to cool at ambient 
temperature outside of the furnace. Penetration testing was performed as 
described above and the results are shown below. The results are from 
penetration testing done using two sets of 10 needles individually. One set of 
needles was coated with Mixture #1 and the second set was coated with Mixture 
#2. The coated needles were penetrated 10 times each. The average penetration 
force and standard deviation for the two sets of needles for each pass are shown 
below. 
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Table 1 : Penetration Test Results from needles coated with Mixture #1 and 
#2 in Example 1 


Penetration # 

Avg. Force (g) Coating 

Avg. Force (g) Coating 


Mixture #1 (Prior Art) 

Mixture #2 (Invention) 

1 

49+/-11 

41 +/-4 

2 

62 +/-13 

43 +/-3 

3 

76+/-11 

46 +/-6 

4 

89 +/-9 

47 +/-7 

5 

101 +/-12 

52 +/-9 

6 

111 +/-\2 

56 +/.10 

7 

121 +/-10 

61 +/-10 

8 

130 +/-10 

64 +/-11 

9 

135 +A12 

68 +/-12 

10 

141 +/-13 

74 +M1 


10 


15 
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Graph 1 : Penetration force as a function of number of passes for coating 
mixtures 1 and 2. 


As seen from Table 1 and further illustrated in Graph 1, the needles of this 
invention coated with Mixture #2, which contain polypropylene wax hydrocarbon 
mixture, produced a coating that is much more durable and lubricious than the 
needles of the prior art coated with Mixture #1. The average lO^*" pass 
penetration force was decreased by 47.5%. Typically, in order to achieve an 
increase in durability in a medical device coating, the lubricity is sacrificed. 
However, the addition of polypropylene wax hydrocarbon mixture powder in this 
specific example to create a two-phase coating gave increased durability without 
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sacrificing lubricity. The same relative results were produced by using identical 
procedures and coatings on many different needle types manufactured and sold 
by Ethicon such as: CT-1 (420 stainless steel, 12:1 taper point), PC-1 (maraging 
stainless steel, cutting edge needles), and CTXB Ethiguard (420 stainless steel, 
blunt point). 

The same procedure as described above was used, but the polypropylene 
wax hydrocarbon mixture was substituted with polyethylene powder, synthetic 
wax powder, polypropylene powder, and a modified fluorocarbon polymer 
powder (containing polyethylene). The result in every case was coated needles 
with significant improvement in the durability and lubricity relative to that of a 
needles coated with Mixture #1 as shown in Table 2 below (compare with results 
of coating Mixture #1 in Table 1). 
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Table #2: Penetration Test Results of Needle Coated with Variations of Mixture 
#2 


Penetration 

# 

Avg. Force (g) 

Coating 
jVLixiure ftZ — 
Polyethylene 
substituted for 
Polypropylene 

wax 
hydrocarbon 
mixture 

Avg. Force (g) 

Coating 
jviixture tfZ — 
Polypropylene 
substituted for 
Polypropylene 

wax 
hydrocarbon 
mixture 

Avg. Force (g) 

Coating 
Mixture #2 — 
Synthetic Wax 
Substituted for 
xoiypropyiene 

wax 
hydrocarbon 
mixture 

Avg. Force (g) 
Coating Mixture 
ffz — iviodiiied 
Fluorocarbon 

polymer 
substituted for 
Polypropylene 

wax 
hydrocarbon 
mixture 

1 

39 +/-4 

49 +/-5 

39 +/-3 

37+/-4 

2 

47+/-4 

57 +/-5 

47 +/-5 

43 +/-5 

3 

56+/-4 

61 +/-4 

57 +/-5 

50+/-4 

4 

61 +/-3 

65 +/-3 

65 +/-6 

54 +A5 

5 

66 -f/-5 

67 +A4 

70 +/-7 

63 +/-6 

6 

74 +/.7 

70 +/-3 

75 +/-9 

65 +/-4 

7 

79 +/-8 

69 +/-5 

78 +/-5 

71 +/-5 

8 

83+/-10 

74 +/-4 

82 +/-7 

76 +/-4 

9 

85 +/-8 

73 +/-4 

84 +/.6 

76 -f/-6 

10 

87 +/-7 

76+/-4 

87 +/-8 

80 +/-5 


Example 2 

Ethicon BV-175 surgical needles (7.8 mil, no suture attached, see below for more 
detailed description) were coated with one of two coating mixtures. The first 
10 coating mixture (Mixture #1) contained polydimethylsiloxane, xylene, and Exxon 

Isopar-k synthetic isoparrafinic hydrocarbon in the same proportions as Coating 
Mixture #1 in Example 1. This is a conventional one-phase silicone coating 
(polydimethylsiloxane) after the solvents volatilize that typically provides 
excellent lubricity, but only moderate durability. This coating mixture is 
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considered a standard baseline and was applied for comparative purposes. The 
second coating mixture (Mixture #2) was comprised of polydimethylsiloxane, 
xylene, Exxon Isopar-k synthetic isoparrafinic hydrocarbon, and polypropylene 
wax hydrocarbon mixture powder with a median particle size of 6-9 microns in 
the same proportions as Coating Mixture #2 in Example 1 . This coating mixture 
is an example of the coating for the medical devices of this invention. BV-175 
needles are made from a maraging stainless steel. These needles have an I-beam 
body geometry. The needles were coated while on a continuously moving carrier 
strip in a manufacturing setting as described in U.S. Patent 5,477,604. After 
coating, the needles were "flash dried" at 225°C for approximately 30 seconds 
and taken up on a spool. The needles were then exposed to a temperature of 
158°C for 24 hours and allowed to cool in ambient air. Penetration testing was 
performed as described in Example 1 above and the results are shown below in 
Table 3 and Graph 2. 
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Table 3: Penetration Test Results from needle coated with Mixture #1 and #2 in 
5 Example 2 


Penetration # 

Avg. Force (g) Coating 

Avg. Force (g) Coating 


Mixture #1 (Prior Art) 

Mixture #2 (Invention) 

1 

32 +/-2 

27 +/-2 

2 

37 +/-3 

29 +/-3 

3 

43 +M 

31 +/-3 

4 

47 +M 

32 -f-/-4 

5 

51 +/-7 

33 +/-4 

6 

54 +/-6 

34 +/-4 

7 

58 +/-4 

35 +/-5 

8 

60 +/-3 

37 +/-6 

9 

61+/-5 

36 +/-5 

10 

63 +/-5 

39 H-/-7 


10 


15 
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Graph 2 : Penetration force as a function of number of passes for 
coating mixtures 1 and 2 from Example #2. •Coating Mixture #1 

♦ Coating Mixture #2 


t 


i 


f4 


Penetration # 


10 


Consistent with the results observed in Example 1, the coated needles of the 
invention coated with Mixture #2, which contains polypropylene wax 
hydrocarbon mixture in a two-phase silicone-based coating, exhibited an increase 
in coating durability without sacrificing lubricity in comparison to prior art 
needles coated with Mixture #1. 
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Example 3 


Ethicon BV-1 surgical needles (no suture attached, see Example 1 for more 
detail) were coated with each of the two coating mixtures described in Example 1 
(Coating Mixture Nos. 1 and 2), both of which were applied as single layer 
coatings in the manner described in that example. Li addition, a two-layer 
coating was applied to the needles. The inner coating layer was applied by 
manually dipping the needles in a mixture of 80wt% Xylene and 20wt% 
polypropylene wax hydrocarbon mixture powder. The needles were then heated 
to 150°C and held for 15 minutes under ambient atmosphere. The needles were 
then allowed to cool to room temperature. These needles were then coated 
manually to form an outer coating layer with Coating Mixture #1 from Example 
#1 . The needles were then heated to 200°C and held for two hours under ambient 
atmosphere. The needles were then allowed to cool at ambient temperature. 
Penetration testing was performed as described in Example #1 above with the 
exception that Permair was used as the penetration media. The results are shown 
below in Table 4 and Graph 3. 
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Table 4: Penetration Test Results from coatings described in Example#3 


Penetration 
# 

Avg. Force (g) Coating 
Mixture #1 (Prior Art) 

Avg. Force (g) 
Coating Mixture #2 
(Invention) 

Avg. Force (g) 2- 
Layer Coating 
(Invention) 

1 

11.3 +/-3 

11.6+/- 1 

10.4 +/- 1 

2 

11.9+/- 3 

11.4+/- 1 

10.7+/- 1 

3 

12,1 +/-3 

11.4 +/- 1 

10.9+/- 1 

4 

12,4 +/- 3 

11.4 +/- 1 

11.0 +/- 1 

5 

13.4+/- 3 

11.8+/- 1 

11.3 +/- 1 

6 

14.1 +/-3 

11,4+/- 2 

11.5+/- 1 

7 

14.6 +/- 3 

12.1 +/-2 

11.2+/- 1 

8 

15.2+/- 3 

11.8+/- 1 

11.4+/- 1 

9 

16.6+/- 4 

12.1 +/-2 

11.7+/- 2 

10 

17.1 +/-3 

12.1 +/- 1 

11.6+/- 1 


5 
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Graph 3 : Penetration force as a function of number of passes 
for coating mixtures 1 and 2 and a two- layer coating from 
Example #3 . 
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As shown in Table 4 and Graph 3, appUcation of the two layer coating onto the 
needles produces similar penetration performance to that of the single layer 
coating containing a mixture of the silicone and non-silicone hydrophobic 
polymer. 

Example 4 

Ethicon BV-1 surgical needles (no suture attached, see Example 1 for 
more detail) were coated with one of four coating mixtures. Coating mixture #1 
is equivalent to coating mixture #1 described in Example 1. Coating mixture #2 
is equivalent to coating mixture #2 described in Example 1 . The third coating 
mixture (Mixture #3) contained approximately by weight 5.7% hydroxy- 
terminated polydimethylsiloxane, 0.19% methylhydrogen siloxane, 14.25%, 
xylene, 74.86% Exxon Isopar-k synthetic isoparrafinic hydrocarbon, and 5% 
Triton-X. The fourth coating mixture (Mixture #4) contained approximately by 
weight 5.7% hydroxy-terminated polydimethylsiloxane, 0.19% methylhydrogen 
siloxane, 14.25%, xylene, 74.86% Exxon Isopar-k synthetic isoparrafinic 
hydrocarbon, and 5% IGEPAL CO-630. Both Triton-X and IGEPAL CO-630 
are octylphenoxy polyethoxyethanols that are commonly used as surfactants and 
dispersing agents in coatings. The needles were coated as described in Example 
1 . The needles were then heated to 200°C and held for 2 hours under ambient 
atmosphere. The needles were then allowed to cool to room temperature. 
Penetration testing was performed as described in Example #1 and the results are 
shown below in Table 5 and Graph 4. 
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Table 5: Penetration Test Results from coatings described in Example 4 


Penetration # 

Avg. Force (g) 
Coating 
Mixture #1 
(Prior Art) 

Coating 
Mixture #2 
(Invention) 

Coating 
Mixture #3 
(Prior Art) 

Coating 
Mixture #4 
(Prior Art) 

1 

37 +/- 3 

40 +/- 2 

37 +/- 3 

42 +/- 3 

2 

50 +/- 5 

43 +/- 2 

46 +/- 4 

58 +/- 5 

3 

65 +/- 9 

44 +/- 4 

54 +/- 3 

70 +/- 5 

4 

80 +/- 6 

48 +/. 4 

62 +/- 4 

79 +/- 5 

5 

93 +/- 8 

49 +/- 4 

68 +/- 6 

88 +/- 7 

6 

101 +/- 10 

54 +/- 4 

74 +/- 8 

91 +/- 8 

7 

108 +/- 8 

52 +/- 3 

79 +/- 9 

98 +/- 13 

8 

112+/- 9 

57 +/- 4 

86 +/- 7 

108+/- 7 

9 

113+/- 13 

58 +/- 3 

87 +/- 6 

110+/- 8 

10 

118+/- 8 

60 +/- 4 

91 +/- 8 

111 +/- 10 


5 


10 


15 
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Graph 4: Penetration force as a function of number of passes for coating mixtures # 1- 
4 in Example 4. 
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As shown in Table 5 and Graph 4, the use of coating mixture #3 resulted in a 
marginal improvement in penetration performance relative to coating mixture #1 
and coating mixture #4 resulted in no improvement over coating mixture #1. 
This example shows that the use of polymeric surfactants and/or dispersing 
agents such as octylphenoxy polyethoxyethanols combined with silicone do not 
result in significant increases in durability relative to using silicone only (coating 
mixture #1), and exhibit appreciably less durability when compared to the 
penetration performance of the coated needles within the scope of the invention 
(coating mixture #2). 

Example 5 

Ethicon PC-1 cutting edge surgical needles (no suture attached) were coated with 
three coating mixtures. Coating mixtures #1 and #2 are equivalent to coating 
mixtures #1 and #2 described in Example 1. Coating mixture #3 contained 
approximately by weight 5.7% hydroxy-terminated polydimethylsiloxane, 0.19% 
methylhydrogen siloxane, 14.25%, xylene, 74.86% Exxon Isopar-k synthetic 
isoparrafinic hydrocarbon, and 5% polyethylene glycol. Polyethylene glycol is a 
well-known hydrophilic polymer (PEG is water-soluble). The needles were 
coated as described in Example 1 and then heated to 200°C and held for 2 hours 
imder ambient atmosphere. The needles were then allowed to cool to room 
temperature. Penetration testing was performed similar to that described in 
Example #1 (with the exception that only 5 needles per set were tested) and the 
results are shown below in Table 6. 


"able 6 


Penetration 

# 

Avg. Force (g) Coating 
Mixture #1 (Prior Art) 

Avg. Force (g) Coating 
Mixture #2 (Invention) 

Avg. Force (g) 
Coating Mixture #3 

1 

40 +/. 2 

39 +/- 2 

40 +/- 3 

10 

84 +/- 7 

60 +A 4 

71 +/.2 
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Coating Mixture #3 does provide some marginal increase in durability relative to 
Coating Mixture #1, but exhibits appreciably less durability when compared to 
5 the penetration performance of the coated needles within the scope of the 

invention (coating mixture #2). This example demonstrates the significantly 
poorer performance of the coated needle when a hydrophilic polymer is 
substituted for the non-silicone hydrophobic polymer of the coating mixture, 
which is coated on the needles of this invention. 


15 Example 6 

Both ceramic and metallic scalpel blades were coated using coating mixtures #1 
and #2 as described in example #1, The lubricity and durability of the coatings 
were then tested by penetrating the blades into Porvair material using an Listron 
20 tensile testing machine and recording the maximum load. The data for the 

ceramic and metal scalpel blades are shown in Tables 7 and 8 below. 
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Table 7: Ceramic Scalpel Blades 


Jl^cIlcirdllOIl rr 



1 

0.67 

0.63 

2 

0.71 

0.65 

3 

0.73 

0.66 

4 

0.77 

0.68 

5 

0.78 

0.68 

6 

0.81 

0.69 

7 

0.83 

0.69 

8 

0.86 

0. 70 

9 

0.88 

0.70 

10 

0.87 

0,76 

Table 8: Metal Scalpel Blades 

Penetration # 

Force (lbs) 
Coating Mixture #1 

Coating Mixture #2 

1 

0.44 

0.37 

2 

0,49 

0.39 

3 

0.52 

0.41 

4 

0.54 

0.43 

5 

0.55 

0.45 

6 

0.58 

0.47 

7 

0.60 

0.48 

8 

0.60 

0.49 

9 

0.65 

0.49 

10 

0.67 

0.50 


5 Coating mixture#2 provided a significant improvement in 

durability over coating #1 for both the metallic and ceramic 
scalpel blades Claims 
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